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ABSTRACT: Objective:  To evaluate two cases of intermittent exotropia (IX(T)) treated by
vision therapy the efficacy of the treatment by complementing the clinical examination with a
3-D video-oculography to register and to evidence the potential applicability of this technology
for such purpose.
Methods: We report the binocular alignment changes occurring after vision therapy in
a woman of 36 years with an IX(T) of 25 prism diopters (∆) at far and 18 ∆ at near and a child
of 10 years with 8 ∆ of IX(T) in primary position associated to 6 ∆ of left eye hypotropia. Both
patients presented good visual acuity with correction in both eyes. Instability of ocular deviation
was evident by VOG analysis, revealing also the presence of vertical and torsional components.
Binocular vision therapy was prescribed and performed including different types of vergence,
accommodation, and consciousness of diplopia training.
Results: After therapy, excellent ranges of fusional vergence and a “to-the-nose” near
point of convergence were obtained. The 3-D VOG examination (Sensoro Motoric Instruments,
Teltow, Germany) confirmed the compensation of the deviation with a high level of stability of
binocular alignment. Significant improvement could be observed after therapy in the vertical
and torsional components that were found to become more stable. Patients were very satisfied
with the outcome obtained by vision therapy.
Conclusion: 3D-VOG is a useful technique for providing an objective register of the
compensation of the ocular deviation and the stability of the binocular alignment achieved after
vision therapy in cases of IX(T), providing a detailed analysis of vertical and torsional
improvements.
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INTRODUCTION
Vision therapy encompasses a broad
group of techniques aimed at correcting and
improving binocular, oculomotor, visual
processing, and perceptual disorders (1).
Several studies have evaluated the efficacy of
these techniques for some specific clinical
conditions but always using subjective
measurements based on patient or examiner’s
subjective perception (2-10) and/or quality-
of-life questionnaires (11). However, no
objective validation has been performed to
this date of the efficacy of vision therapy.
Only Alvarez et al (12) have demonstrated by
means of magnetic resonance imaging that
vision therapy was associated with clinical
and cortical activity changes in cases of
convergence insufficiency. Therefore, there is
a need for studies validating the results of
vision therapy but using objective methods.
The 3D-videoculography (3D-VOG) is
a non-invasive method to evaluate and
analyze objectively and with high precision
the horizontal and vertical ocular movements
as well as the torsional components (13). This
technology allows the clinician to perform a
3-D register of the ocular movements (14-17)
and to have an objective guidance for taking
clinical decisions. The 3D-VOG has been
found to have a great variety of clinical
applications, such as the objective
characterization of nystagmus (18), the
precise analysis of effects of extraocular
muscle paralysis or paresis in ocular dynamics
(19), the objective analysis of saccadic eye
movements (20), the evaluation of eye
movement impairment in neurological
diseases (21), and even the analysis of
cyclotorsional changes in refractive surgery
(22).
However, to this date, the 3D-VOG
technology has not been used in the field of
vision therapy as a tool for evaluating
objectively the efficacy of exercises to restore
the binocular functionality. In the current case
report, we show the objective evaluation of
two cases of intermittent exotropia IX(T)
treated by vision therapy and evaluated with
a 3D-VOG system pre and post-therapy in
order to evidence the potential applicability of
this technology in this field.
CASE 1
A woman of 36 years old attended to
our clinic referring intermittent deviation of
the left eye without diplopia, especially at the
end of the day or when she is very tired. On
examination, the patient presented an
uncorrected distance visual acuity (UDVA) of
0.0 LogMAR in right eye (RE) and -0.10
LogMAR in left eye (LE). Manifest refraction
was 0 in both eyes, whereas under cycloplegia
it was of +0.50 sphere -0.50 x 10º cylinder in
RE and +0.25 sphere in LE. Anterior segment
analyzed by biomicroscopy, Goldmann
intraocular pressure (IOP), and fundus
analyzed by indirect ophthalmoscopy were
found to be within the normality ranges.
The oculomotor study revealed the
presence of an intermittent exotropia IX(T) of
25 prism diopters (∆) at far distance (5 m) and
18 ∆ of exophoria (X(P)) at near (40 cm)
(cover test). The negative and positive
fusional vergence amplitudes measured with
a prism bar were acceptable and the near point
of convergence was to the nose. Specifically,
the negative fusional vergence (NFV) was
16/12 and 20/18 ∆ (break/recovery) at far and
near distances, respectively. Positive fusional
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vergence (PFV) was 25/20 and 40/35 ∆ at far
and near distances, respectively. A video-
oculographic study was performed with the
3D video-oculography system 3D-VOG from
Sensomotoric Instrument (SMI, Teltow,
Germany) which is a noninvasive optical
system with two infrared video cameras
mounted in a non-invasive pair of goggle
(VOG goggles). These cameras are adjusted
to a mask that is placed on the head with two
plastic rubs that allow the ocular movements
at the different sight positions to be registered
independently at the three axis of the space
with each movement of the patient's head.
The spatial resolution of the 3D-VOG is
0.05//0.05//0.10/ (horizontal/vertical/torsion-
al) and the measurement range is
± 2 5 / / ± 2 0 / / ± 1 8 /  ( h o r i z o n t a l /
vertical/torsional), with a measurement area
for torsional eye movement measurement of
±20/ around the primary gaze position. This
video-oculographic study showed that there
was a variable horizontal deviation
component that increased spontaneously at
distance during a period of time until reaching
the values measured dissociating with the
cover test (Figure 1A, next page). No
significant changes were evidenced in the
vertical and torsional components during the
period of examination (Figure 1A).
A 2-month vision therapy programme
was prescribed and performed including
different type of exercises, such as Brock
string, Hart charts, prism bar vergence
training, consciousness of diplopia training,
variable anaglyphs, accommodative facility
training with flipper, or aperture rule. After
therapy, the patient referred an absence of
episodes of deviation that could be
objectively confirmed with the video-
oculographic examination (Figure 1B, next
page).  The patient was very satisfied with the
outcome obtained.
CASE 2
A child of 10 years old attended to our
clinic referring intermittent ocular deviation
of the left eye without diplopia that had
increased in the last year. On examination, the
patient presented a corrected distance visual
acuity (CDVA) of 0.0 LogMAR in both eyes,
with -1.75 sphere and -0.50 x 120º cylinder in
RE and -1.75 sphere and -1.00 x 40º cylinder
in LE. The same refraction was obtained
under cycloplegia. Anterior segment was
analyzed by biomicroscopy, Goldmann
intraocular pressure (IOP), and fundus
analyzed by indirect ophthalmoscopy were
found to be within the normality ranges.
The oculomotor study revealed the
presence of 8 ∆ of IX(T) in primary position
associated to 6 ∆ of RE hypertropia, and a
X(P) and RE hyperphoria of the same
magnitude at near. In addition, a grade 3
hyperfunction of the RE inferior oblique was
observed, with excyclodeviation associated.
Positive fusional vergence amplitudes were
low (NFV: far 8/4, near 20/18; PFV: far 10/8,
near 2/1) and the near point of convergence
was of 8 cm. 
Continued page 140
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Figure 1 (Laria & Piñero): Graphic display of the results of the video-oculographic analysis
performed before (A, Top) and after (B, Bottom) a vision therapy programme in the first case
reported simulating distance vision. In each display, changes in horizontal, vertical and
torsional components during the period of time of the examination.
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performed with the 3D-VOG system
confirmed the presence of a variable
horizontal and vertical deviation, with a very
significant instability of the torsional
component (Figure 2A, see next page, Top).
Vision therapy was recommended as the
magnitude of the deviation was in the limit of
the indication of surgery. A complete
programme of vision therapy including
different types of exercises was followed
during a 3-month period. As in the other case
reported, the programme included exercises
such as Brock string, Hart charts, prism bar
vergence training, consciousness of diplopia
training, variable anaglyphs, accommodative
facility training with flipper, or aperture rule.
The therapy finished with the compensation
of the deviation (2∆ X(P) and 6∆ hyperphoria
RE far and 8∆ X(P) and 3∆ hyperphoria RE
near) which could be objectively monitored
with the video-oculographic examination
(Figure 2B, see next page, bottom graphic).
The ranges of fusional vergence were
excellent (NFV: far 10/6, near 40/35; PFV:
far 40/35, near 45/40) and the near point of
convergence was to the nose. The patient’s
parents were very satisfied with the outcome
obtained, especially from a cosmetic point of
view. Only certain instability remained in the
torsional component, but not inducing
binocular destabilization.
DISCUSSION
There is scientific evidence available
on the nonsurgical treatment of
accommodative and  nons trabismic
dysfunctions, although it has been shown to
be consistent only for the treatment of
convergence insufficiency (23,24). Besides
the limitation in the number of controlled
studies evaluating the efficacy of vision
therapy for most of binocular disorders,
another controversial issue is the reduced
number of studies using objective tests for
registering the improvements achieved,
without the need of the intervention of the
patient or examiner (25). 
In the current case report, we show a
potential applicability of video-oculography
for assessing the improvement achieved with
vision therapy. Specifically, we evaluated by
video-oculography using the 3D-VOG system
the stability of the horizontal, vertical and
torsional components in two different cases of
distance IX(T) before and after a complete
vision therapy program. 
The 3D-VOG system allows the
clinician registering the ocular movements in
x/y axes due to a customized calibration that
should be always performed prior to the
measurement for each patient. Furthermore,
this system allows characterizing the torsional
movements using the iris pattern as a
reference. The video-oculographic test is non-
invasive, only requiring the use of a mask that
is adapted to the patient’s head. This mask
does not interfere with the patient’s capability
of movement (freedom of movement in a 20º-
visual field) and provides an exact
oculomotor register. The 3D-VOG system has
been successfully used for characterizing
strabismic disorders (19), but not for non-
strabismic anomalies.
In the two cases reported, the video-
o c u l o g r a p h i c  e x a m i n a t i o n  w a s
complementary to other tests commonly used
for the binocular evaluation of a patient, such
as the measurement of the fusional vergence
amplitude or the characterization of eye
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Figure 2 (Laria & Piñero): Graphic display of the results of the video-oculographic
analysis performed before (A, Top) and after (B, Bottom) a vision therapy programme in the
second case reported simulating distance vision. In each display, changes in horizontal, vertical
and torsional components during the period of time of the examination.
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 binocular misalignment with the cover
test, requiring the intervention of the
examiner and/or patient’s criteria. As two
cases of IX(T) were evaluated, the video-
oculographic register was especially used to
monitor the stability of the ocular alignment,
a critical issue for the success of the treatment
in such cases. This evaluation could have
been done even while introducing some
elements of dissociation. It should be consider
that fusional vergence amplitude can be
acceptable prior to vision therapy treatment in
some cases of IX(T) (26) and therefore its
measurement is less useful as a parameter for
evaluating port-therapy improvement. This
occurred in our first case in which pre-therapy
PFV amplitude was large, not suggesting the
presence of a limitation in the range of
fusional vergence. In such cases, the analysis
of the stability of the ocular alignment seems
crucial and the VOG allows the clinician to
obtain a register of this stability. In addition,
the torsional component could be monitored
with the VOG examination, which is a
deviation component not infrequent in
patients with IX(T) (27).
The management of IX(T) at far
distance by means of vision therapy has been
suggested as a potentially useful therapeutic
option since many years ago (28). However,
it is not successful in all cases that may
require a surgical intervention as a first option
or even the combination of surgery and vision
therapy (29). Figueira & Hing (30) in a
retrospective analysis of the progress of 150
treated IX(T) patients concluded that surgery
with orthoptic/occlusion therapy was more
effective in reducing exodeviation (prism
diopters per millimeter of horizontal rectus
surgery) compared with surgery only. It is still
unclear which factors are crucial for an
appropriate selection of a surgical or non-
surgical treatment for IX(T), although the
magnitude of deviation seems to be one of
them.
Thorburn et al (31) performed a review
of the peer-reviewed literature on IX(T) of the
divergence excess type and found that there
was a lack of evidence for best practice and a
need for not only high-quality clinical studies
but also a better understanding of current
practice patterns among clinicians so as to
inform future research. We report a case of
successful treatment with vision therapy of a
case of 25 ∆ of far IX(T) which was
objectively evaluated by VOG. Randomized
controlled studies on the treatment of IX(T)
are necessary in the future to define consistent
scientifically-based clinical criteria. In these
studies, the inclusion of VOG as an additional
examination test would be of great value for
providing an objective validation of the
outcomes obtained.
The second case report shows a
significant improvement of the horizontal
deviation in a case of IX(T) associated to
significant levels of vertical and torsional
components. To our knowledge, this is the
first report showing an improvement in the
vertical and torsional deviation in far IX(T)
after a vision therapy programme. Van den
Berg and colleagues (32) developed a model
in the attempt of finding an explanation for
the torsional components in X(T). They found
the increased horizontal vergence effort
resulted in excess cyclovergence (32). Shin et
al (27) found that the amount of torsion was
significantly correlated to the disease severity
of IX(T). Indeed, these authors suggested that
the assessment of ocular torsion could be
considered as a supplementary tool for
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evaluating fusion in patients with IX(T) (27).
Regarding the rehabilitation of the vertical
deviation, some previous experiences on the
treatment of vertical deviations by vision
therapy have been reported (33). The
achievement of the compensation of the
horizontal deviation may be crucial for the
vertical and even torsional alignment. More
research on this issue is needed because the
peer-reviewed literature is scarce.
CONCLUSION
In conclusion, 3D-VOG is a useful
technique for providing an objective register
of the compensation of the ocular deviation
and the stability of the alignment achieved
after vision therapy in cases of IX(T).
Furthermore, it provides a detailed analysis of
the torsional component allowing analyzing
its improvement after vision therapy in such
cases. More studies evaluating the efficacy of
vision therapy should be performed using the
VOG technology in order to complement the
outcomes obtained with the classical clinical
tests. This technology may have a crucial role
in the validation of vision therapy techniques
for a great variety of binocular disorders.
REFERENCES
1. Vision therapy: information for health care
and other allied professionals. American
Academy of Optometry and the American
Optometric Association. Optom Vis Sci
1999;76:739-40.
2. Westman M, Liinamaa MJ. Relief of
asthenopic symptoms with orthoptic exercises
in convergence insufficiency is achieved in
both adults and children. J Optom 2012; 5:
62-7.
3. Shin HS, Park SC, Maples WC.
Effectiveness of vision therapy for
convergence dysfunctions and long-term
stability after vision therapy. Ophthlamic
Physiol Opt 2011; 31: 180-9. 
4. Scheiman M, Cotter S, Kulp MT, Mitchell
GL, Cooper J, Gallaway M, Hopkins KB,
Bartuccio M, Chung I; Convergence
Insufficiency Treatment Trial Study Group.
Treatment of accommodative dysfunction in
children: results from a randomized clinical
trial. Optom Vis Sci 2011; 88: 1343-52.
5. Scheiman M, Mitchell GL, Cotter S, Kulp
MT, Cooper J, Rouse M, Borsting E, London
R, Wensveen J. A randomized clinical trial of
vision therapy/orthoptics versus pencil
pushups for the treatment of convergence
insufficiency in young adults. Optom Vis Sci
2005; 82: 583-95.
6. Scheiman M, Mitchell GL, Cotter S,
Cooper J, Kulp M, Rouse M, Borsting E,
London R, Wensveen J; Convergence
Insufficiency Treatment Trial Study Group. A
randomized clinical trial of treatments for
convergence insufficiency in children. Arch
Ophthalmol 2005; 123: 14-24.
7. Adler P. Efficacy of treatment for
convergence insufficiency using vision
therapy. Ophthalmic Physiol Opt 2002; 22:
565-71.
8. Birnbaum MH, Soden R, Cohen AH.
Efficacy of vision therapy for convergence
insufficiency in an adult male population. J
Am Optom Assoc 1999; 70: 225-32.
9. Gallaway M, Schieman M. The efficacy of
vision therapy for convergence excess. J Am
Optom Assoc 1997; 68: 81-6.
10. Cohen AH, Soden R. Effectiveness of
visual therapyfor convergence insufficiencies
for an adult population. J Am Optom Assoc
1984; 55: 491-4.
Binocular Vision & Strabology Evaluation of Binocular Vision Therapy Efficacy by 3D Video-Oculography THIRD Quarter of 2013
Quarterly Simms Romano’s© Measurement of Binocular Alignment and Motility Volume 28 (No.3)
A Medical Scientific ePeriodical C. Laria, MD, PhD and D. P. Piñero, PhD  PAGES 136-145 
-144-
11. Maples WC, Bither M. Efficacy of vision
therapy as assessed by the COVD quality of
life checklist. Optometry 2002; 73: 492-8.
12. Alvarez TL, Vicci VR, Alkan Y, Kim EH,
Gohel S, Barrett AM, Chiaravalloti N, Biswal
BB. Vision therapy in adults with
convergence insufficiency: clinical and
functional magnetic resonance imaging
measures. Optom Vis Sci 2010; 87: E985-
1002.
13. Kingma H, Gullikers H, de J, I, Jongen R,
Dolmans M, and Stegeman P. Real time
binocular detection of horizontal vertical and
torsional eye movements by an infra red
video-eye tracker. Acta Otolaryngol Suppl
(Stockh) 1995; 520(Pt 1): 9-15.
14. Houben MM , Goumans J , Van der Steen
J. Recording three-dimensional eye
movements: scleral search coils versus video
oculography. Invest Ophthalmol Vis Sci
2006; 47: 179-87.
15. Scherer H, Teiwes W, and Clarke AH.
Measuring three dimensions of eye movement
in dynamic situations by means of
videooculography. Acta Otolaryngol 1991;
111: 182-7.
16. Clarke AH, Teiwes W, Scherer H,
Zambarbieri D. Videooculography - an
alternative method for measurement of three-
dimensional eye movements. In: Schmid R
(ed) Oculomotor Control and Cognitive
Processes. Elsevier, Amsterdam, 1991, 431-
43.
17. Ott D, Gehle F, and Eckmiller R. Video-
oculographic measurement of 3-dimensional
eye rotations. J Neurosci Meth 1990; 35:
229-34.
18. Hirvonen TP, Juhola M, Aalto H.
Suppression of spontaneousnystagmus during
different visual fixationconditions. Eur Arch
Otorhinolaryngol 2012; 269: 1759-62.
19. Laria C, Gamio S, Alió JL, Miranda M.
Difficult vertical diplopia studied by video-
oculography in aphakia after contact lens use.
A case report. Binocul Vis Strabismus Q
2006; 21: 223-30.
20. Pinkhardt EH, Jürgens R, Lulé D,
Heimrath J, Ludolph AC, Becker W,
Kassubek J. Eye movement impairments in
Parkinson's disease: possible role of
extradopaminergic mechanisms. BMC
Neurol 2012; 12:5.
21. Bucci MP, Seassau M. Saccadic eye
movements in children: a developmental
study. Exp Brain Res 2012; 222(1-2): 21-30.
22. Laria C, Gamio S, Prieto-Díaz J, Alió JL,
Miranda M, Plech AR. The importance of
cyclotorsional changes in refractive surgery.
Eur J Ophthalmol 2008; 18: 285-9.
23. Rawstron JA, Burley CD, Elder MJ. A
systematic review of the applicability and
efficacy of eye exercises. J Pediatr
Ophthalmol Strabismus 2005; 42: 82-8.
24. Cacho Martínez P, García Muñoz A,
Ruiz -Cantero MT.  Trea tment  of
accommodative and nonstrabismic binocular
dysfunctions: a systematic review.
Optometry 2009; 80: 702-16.
25. Ciuffreda KJ. The scientific basis for and
efficacy of optometric vision therapy in
nonstrabismic accommodative and vergence
disorders. Optometry 2002; 73: 735-62.
26. Sharma P, Saxena R, Narvekar M, Gadia
R, Menon V. Evaluation of distance and near
stereoacuity and fusional vergence in
intermittent exotropia. Indian J Ophthalmol
2008; 56: 121-5.
27. Shin KH, Lee HJ, Lim HT. Ocular torsion
among patients with intermittent exotropia:
relationships with disease severity factors.
Am J Ophthalmol 2013; 155: 177-82.
Binocular Vision & Strabology Evaluation of Binocular Vision Therapy Efficacy by 3D Video-Oculography THIRD Quarter of 2013
Quarterly Simms Romano’s© Measurement of Binocular Alignment and Motility Volume 28 (No.3)
A Medical Scientific ePeriodical C. Laria, MD, PhD and D. P. Piñero, PhD  PAGES 136-145 
-145-
28. McPhail A. Intermittent exotropia,
orthoptic treatment. Am J Orthopt J 1952; 2:
22-4.
29. Gallaway M, Vaxmonsky T, Scheiman M.
Management of intermittent exotropia using
a combination of vision therapy and surgery.
J Am Optom Assoc 1989; 60: 428-34.
30. Figueira EC, Hing S. Intermittent
exotropia: comparison of treatments. Clin
Experiment Ophthalmol 2006; 34: 245-51.
31. Thorburn D, Koklanis K, Georgievski Z.
Management of intermittent exotropia
strabismus of the divergence excess type.
Binocul Vis Strabismus Q 2010; 25: 243-52.
32. Van den Berg AV, van Rijn LJ, de Faber
JT. Excess cyclovergence in patients with
intermittent exotropia. Vision Res 1995;
35(23-24): 3265-78.
33. Pang Y, Frantz KA, Schlange DG. Vision
therapy management for dissociated
horizontal deviation. Optom Vis Sci 2012;
89: e72-7.
